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 Observing scenario

— EFC, freeze high-order

— Imaging / spectroscopy RDI
 Error budget structure

— Performance requirement

— Measurement noise

— Optical stability

— Allocations / CBE std MUF / CBE unity MUF
* Insight into terms

— RWA jitter

— Observatory thermal

— CGl internal
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« “OS6” observing scenario

— 8 hrs EFC on bright reference, freeze EFC

— Four 2 hr observations on target with alternating roll
— Slew to reference, 2 hrs on reference

— Reijeat 10 hr c cIe

RIII INIRINININD

EFC A A g bright 10 hrs
. Analyze RDI statistics

— Simple pixel-by-pixel subtraction, target minus reference

— Retain “post-processing” as an unspecified set of
activities that act on the RDI subtraction residuals

» Post-processing factor does not double-count what RDI
subtracted
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Noise categories

CGI TOP LEVEL ERROR BUDGET

IFS SPC 760 nm RF")

Revision Date

3/8/2018

L1 Telescope Diameter | o —
[m] L1 Requirement in PLRA
Value | 237 | planet Photon shot L2 Requirement in MRD
Noise [pph] L3 Requirement in CGl Spec
L2 Star Brightness Reg. | 122 L5 Control Loop.
[mag] I CBE | 148 | L4/5 CGI Requirement
Value | 5 A
. [2odi Photon Shot Noise o 3/8/2018
L2 Filter Band | [ppb] m \ L3 Flux Ratio Noise | | Margin FS SPC 760 nm REQ
[nm] I value | 025 [ppb] over CBE rqt40hr180109
Center | 760 \ Req. 5.0 45% Sens SPC170714_10per
Width | 18% Perf. Reserve 27 , Annul
Flux Ratio No [r— —
L2 Resolving Power | —] r_ Cont Stability w/Post I Mission ti)
Proc [ppb]
valee [ 50 ‘ement Noise Optical Stability Alloc 159 ——
I I CBE 173 I Flux Ratio 50.0 ppb
L2 Planet Integr. Time : I A Post-Processing Sep. 300 mas
[hrs] g Gain Host v 5 mag
value | 100 ! Stellar Leakage Shot Value 2.00
useable |  70% I Noise [ppb] L4 Cont Stability w/ I
] Alloc. | os2 Chop [ppb]
Counts to ppb cBE | 100 Alloc. 279
conversion I ] CBE 242 l
ppb/ct | 0.3 — . N S s -
care thraughput r T —
L4 Coronagraph Mask | | e L4 Initial Static
Effective Th L4 Detector/Elec Noise Raw Contrast [pph] [ |
Alloc. | 33% I [ppb] I I Alloc. 1500 Differential Differential CGI
CBE 3.3% Alloc. | 100 CBE 1500 Lo residual [ppb] internal Drift [ppb]
refl. trans. filler cBE | 112 Alloc. 1.00 Alloc. | 175 I
14 Coronagraph Optics | | I I CBE 0.07 cBE_ | 175
Initial Static Incoh. Raw Initial Coherent
alloc. | 00% L5Dark Current | | Contrast _[ppb] Raw Contrast [ppb] 15 Los
CBE | 240% Te/pix/s] Alloc. 50 Alloc. 100 L [ — L5 DM Drift| I
I Alloc. | 32604 cBE_ | s0 CBE 100 I oot Sensitivity
L4 Detected Quantum ceE | 1sE0e [ppb/mK]
i [ppb/mas]
S I
Alloc. | 36% I
CBE 39% I 15 CIC Noise [e/piffr] |—— Differential Gl internal (DM) Drift
‘Ghagl Refl LoS Residual [mas] [mK]
L4 Detector Pixels | | Alloc. | 17E02 Str. [ppb. I Alloc. | 050 Alloc. | 1.0E+01 I
per signal region CBE | 10E0Z Alloc. | o1 I cBE | o050 CBE__ | 10E+01
Alloc. 27 CBE 02
- Bl L5 Wavefront
L5ReadNoise | | Design Contract [ppk] Coronagraph Fab. | | control L control using |—|
I [e/pin//fr] & Align Errors [nm] using —
Alloc._ | 0E:00 Alloc. | a0 Alloc. 105.0 LOWFS + e
CBE | OCE+0D CBE | 73 CBE B I FsM l
N S . . . N S S S S S S S Sy S S e .
13 Telescope: L Telescope Polariz WFE L3 Telescope Surface L3 Observ. Filtered L3 Observ. Z4-11 WFE 13 Observatory 74/ L3 OTAC! 130 v WFE
Throughput _ Lo [nm] Error [nm] LoS Drift + Jitter [mas] Rate of Change [nm] 75-11 WFE Drift [nm] Pupil Shear Drift [um] Jitter 24-11 [nm]
Reg. | 76% value | 19 Alloe. | 77 Alloc. | 057 Alloc. | 007 Alloc. | 20/025 Allec. | 0.40 Alloc. | o025
cBE | 83% cBE | 71 CBE 0.42 CBE | 002 CBE__| 0.45/0.05 cBE_ | o020 cBE__| 007
£ G # 65T L35 G # 67 4 S  EEE 1 G # ERT £ B # 67 557 G # 677 751 G # 655
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CGI TOP LEVEL ERROR BUDGET

IFS SPC 760 nm REQ Revision Date 3/8/201

L1 Telescope Diameter | - .. 12 Planet-Star
[m] 1 Flux Ratio [ppb] L1 Requirement in PLRA
value | 237 Il Planet Photon Shot Req. 50 L2 Requirement in MRD
Noise [pph] CBE 274 L3 Requirement in CGl Spec
L2 Star Brightness | | Reg. | 122 I L5 Control Loop.
[magl I CBE | 148 12 SNR L4/5 CGl Requirement
Value | 5 A Value 10
Zodi Photon Shot Noise L2 Exozodi d 3/8/2018
L2 Filter Band L [ppb] Background L3 Flux Ratio Noise | | Margin [ FS SPC 760 nm REQ
[nm] I value | 025 [ppb] over CBE e rqt40hr180109
Center | 760 Req. 5.0 45% 15 SPC170714_10per
width | 18% e — Perf. Reserve cBE 27 ool P b) ()
Flux Ratio Noise e
E— | ) : ‘ Photometry Noise unalloc. 48% Cont Stability w/Post —
Lo [ppb] Proc [ppb]
valee [ 50 Alloc. [ 168 nent Noise Optical stability Alloc 199
/ \ cBE | 213 3 173 FluxRatioc 500 ppb
L2 Planet Integr. Time | | e — A Post-Processing sep. 300 mas
[hrs] L Gain Host V 5 mag
value | 100 ! \ stellar Leakage Shot I Average Raw Value 2.00
useable | 70% g a [ | Noise [ppb] L Contrast [ppb] L4 Cont Stability w/
; T mmgll ,| Alloc. | o082 » Alloc. | 160 Chop [ppb]
Counts to ppb wmmemmmmmmmmmmmmmm T CBE 1.00 I cBE | 1595 Alloc. 279
conversion - s CBE 242
ppb/ct | 0.3
core throughput
L4 Coronagraph Mask || L 14 Initial Static
Effective Th I Raw Contrast [ppb] | S s - - - S S S - - . -y
Alloc. | 33% Ippbl Alloc. 1500 I Differential Differential 24-11 Differential Z12+ Diff. Dil ial COI
CBE | 33% Alloc. | 100 I CBE 1500 Lo residual [ppb] WEE Residusl [ppb] Residual [ppb] Drift/Jitter [pph] I I internal Drift [ppb]
refl. trans. filler CBE | 112 Alloc. 1.00 I Alloc. | 100 Alloc. | 135 Alloc. | 107 Alloc. | 175 I
14 Coronagraph Optics | | CBE 0.07 cBE | o027 cBE | 1325 csE | 107 cBE_ | 175
Initial Static Incoh. Raw Initial Coherent I
alloc. | 00% L5 Dark Current || Contrast_[ppb] Raw Contrast [ppb] l 15 Los I I 57011 L5za-11 L5 Obs I )
CBE | 240% I Te/pix/s] I Alloc. | 50 Alloc 100 I | |t | | omaain | Resu.iual Ls Dhil_D_nR
Alloc. | 32604 cBE | so CBE 100 oot — Error Drift Sensitivity
L4 Detected Quantum CBE | 1.9E-04 I [oh/mas] I I Topb/em] Sensitivity ‘Sensitivity I I [ppb/mK]
Efficiency L5 HOWFS Control [ppb/pm] [ppb/nm]
Alloc. | 36% I I using DMs I
CBE_ | 39% 15 CIC Noise [e/piffr] |—— Differential Differential 24-11 Differential LOWFS + I Gl internal (DM) Drift
’ | [ Ghost Reflections & Raw Contrast w/o LoS Residual [mas] WFE Residual [pm] DM Gain Error [pm] [mK]
L4 Detector Pixels | | Alloc. | 17E02 Stray Light [ppb] control [ppb] I Alloc. | 050 I I Alloc 700 Allac 250 I Alloc. | 1.0E+01 I
per signal region CBE | 10E0Z I Alloc. | o1 Alloc /A cBE | o050 CBE 70.0 CBE 00 CBE__ | 10E+01
Alloc. 27 CBE 02 CBE 1000 __ h —
- I L5 Pointing I I L5 Wavefront
I L5ReadNoise | | I Design Contrast [ppb] Coronagraph Fab. | | control | |
[e/pix//fr] & Align Errors [nm] using LOWFS +
Alloc._ | 0E:00 Alloc. | 40 Alloc. | 1050 l LOWFS + I L R I G I
CBE | OCE+0D cBE | 78 CBE | 950 FsM
I l L] I I IS S I e - 74
L3 Telescope | L | [ Telescope Polariz wFE L3 Telescope Surface L3 Observ. Filtered L3 Observ. 74-11 WFE L3 Observatory 74/ L3 OTA-C! 130l y WFE
Throughput [nm] Error [nm] LoS Drift + Jitter [mas] Rate of Change [nm] 75-11 WFE Drift [nm] Pupil Shear Drift_[um] Jitter 24-11 [nm]
Reg. | 76% value | 19 Alloe. | 77 Alloc. | 057 Alloc. | 007 Alloc. | 20/025 Allec. | 0.40 Alloc. | o025
cBE | 83% cBE | 71 CBE | 042 CBE | 002 CBE__| 0.45/0.05 cBE_ | o020 cBE__| 007
£ G # 65T e O r L35 G # 67 4 S  EEE 1 G # ERT £ B # 67 557 G # 677 751 G # 655

Ry Ooservatory
(reaction wheels) therm al
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« 3 dominant input categories

— RWA
* 6 Reaction wheels
« Speeds change to counteract solar pressure
 Line-of-Sight jitter, WFE jitter, beamwalk

— Observatory thermal

« STOP modeling of OS6
« WFE from optics motion, bending, pupil shear

— CGl internal
* DM settling
e DM thermal
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« Jitter effect calculated for each wheel at each speed
 Wheel speed profile involves many choices

« Dominant impact is changes in jitter amplitude
between target and reference

 Require 0.5 mas rms change target-reference
— Expect 0.21 mas rms change (std MUF)
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Z; [nm]

Observatory thermal

STOP modeling gives WFE from optic motions and

bending, pupil shear

LOWEFS reduces WFE Z4-Z11, but introduces
high-order WFE from DM gain errors

Require 250 pm Z5+ 40 hrs, 0.4 mm pupil shear 10 hrs
— Expect 0.2 pm Z5+ 40 hrs, 0.04 mm pupil shear 10 hrs

(unlty MUF)

MUF =2
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DM settling Is accommodated by waiting after major
DM change

« DM thermal needs more work to identify limitations
— Piezoelectric coefficient depends on temperature
— 2.6% per K change in strain

 Have not yet identified internal thermal disturbances or
thermal sensor accuracy

 Require 10 mK stability over 10 hours
— Expect 3 mK over 10 hours (unity MUF)

10
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« Dominant error budget term depends on coronagraph
mode and MUF policy

RWA LoS X
jitter

RWA WFE
jitter

Thermal

WFE drift

Thermal
pupil shear
drift

DM settling

DM X
thermal

Dark X X
current
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BACKUP SLIDES
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« Separate individual E-field

contributions I = |X%, E; |2 5
« Evaluate four statistics for E,
each E-field component E,
over the observation E,
- |M|%, V, |AM|?, AV Es

e Total raw contrast uses Mand V Es
« Stability term is

Initial coherent

RWA LoS

Thermal WFE
Thermal+DM high-order
Thermal pupil shear
RWA WFE

DM settling

DM thermal

1/2
odyn = (21Mtot]* T AM,I* + Tlav,|?)
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« Average of two intensities with opposite AE eliminates

cross-term, leaves only
guadratic term 10

Al = |AE|? 4+ 2R{E,AE*}
A~ = |AE|? — 2R{E,AE*} |
(AI* +AI7)/2 = 1BEI® go9 N vy 1y

%0.4.\ IO /
Disturbances that spend
equal time with AE (+) and’|
(—) have only quadratic ool — - WU S
term on average BL(10°)12 [NIF2] Vs
Jitter impact does not depend |

opposite AE

explicitly on initial coherent contrast
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